Background: Physical activity is associated with reduced risks of chronic diseases and premature death. Whether physical activity is also associated with improved overall health among those who survive to older ages is unclear.
increases in successful survival were observed beginning at the third quintile of activity: odds ratios (ORs) (95% confidence intervals [CIs] Conclusion: These data provide evidence that higher levels of midlife physical activity are associated with exceptional health status among women who survive to older ages and corroborate the potential role of physical activity in improving overall health. Together with a decreased birth rate and the aging of baby boomers, it is projected that by 2030, 1 in every 5 Americans will be 65 years or older. 2 Older adults are disproportionately affected by chronic diseases and functional disabilities, and the attendant medical and social costs are tremendous. 2 However, development of chronic diseases and disabilities is not inevitable among aged populations. Several studies have demonstrated that as many as 10% to 50% of those 65 years or older can maintain physical and cognitive integrity and remain free of major chronic illnesses. [3] [4] [5] [6] Indeed, limited epidemiologic studies conducted primarily among older male populations have identified several modifiable midlife risk factors, such as smoking and obesity, associated with the probability of exceptional health among those who survive to older ages. [3] [4] [5] 7 Physical activity is a well-established approach to reducing risks of many chronic diseases, [8] [9] [10] [11] [12] and potentially other aspects of health. [13] [14] [15] [16] [17] [18] [19] However, findings from limited existing studies of the relation between midlife physical activity and overall health and well-being at older ages have been inconsistent. For example, several studies among men and women found that physical activity increased healthy aging, 3, 7 disability-free survival, 20 or selfreported physical and overall health, 21 while a more recent study of Japanese American men reported a null association with successful survival. 5 Moreover, evidence specifically among women is lacking, despite the fact that women live longer than men; thus, identifying risk fac-tors for successful survival is particularly important among women. Finally, limited research has addressed the doseresponse relationship and intensity of activities in relation to successful survival.
Arch Intern
Herein, we use data from the Nurses' Health Study (NHS) 22 to further explore the relation between midlife physical activity, including walking, and successful aging as measured by a full spectrum of health outcomes, including incidence of chronic diseases, cognitive and physical functioning, and mental status. 23 
METHODS

STUDY POPULATION
The NHS is an ongoing prospective cohort study initially comprising 121 700 female registered nurses, aged 30 to 55 years, who responded to a baseline questionnaire in 1976. Follow-up questionnaires have been administered to the participants every 2 years since 1976 to collect and update the information on incidence of diseases and demographic and lifestyle risk factors. In 1986, we started collecting detailed information on physical activity. Through 2000, the close of follow-up for most participants in the present analyses, the follow-up rate was greater than 95%.
ASSESSMENT OF PHYSICAL ACTIVITY
In 1986, we inquired about the average time per week in the past year participants spent on leisure-time physical activities, including walking or hiking outdoors; jogging (Ն10 min/mile); running (Ͻ10 min/mile); bicycling; lap swimming; playing tennis; doing calisthenics, aerobics, aerobic dance, and/or rowing machine exercise; and playing squash or racquet ball. For each question, there were 10 possible response categories (range, 0 to Ն11 h/wk). Furthermore, we inquired about flights of stairs climbed each day, and, for walkers, the usual walking pace: easy or casual (Ͻ2.0 mph), normal (2.0-2.9 mph), brisk (3.0-3.9 mph), and very brisk (Ն4.0 mph). Based on this information, we calculated energy expenditure in metabolic-equivalent tasks (METs) measured in hours per week. 24 Each MET-hour is the caloric need per kilogram of body weight per hour of activity divided by the caloric need per kilogram of weight per hour at rest. According to this standard, we assigned a MET value of 12.0 to running; 8.0 to stair-climbing; 7.0 to jogging, bicycling, lap swimming, and playing tennis and other racquet sports; 6.0 to aerobics and calisthenics; and 2.5 to 4.5 to walking, depending on the pace. In other words, for example, running for an hour would generate 12 METs' energy expenditure; climbing stairs for an hour would generate 8 METs' energy expenditure, and so on. The same amount of energy expenditure can be achieved by various physical activities. For example, to achieve 30 METs/wk, a woman can run for 2.5 h/wk or swim for 4.3 h/wk. In analyses of activity intensity, we defined activity with a MET value larger than 6 as vigorous; walking was defined as a moderate-intensity activity owing to the lower MET value.
For the current analysis, we used 1986, when detailed physical activity information was first obtained, as the study baseline. Moreover, in all analyses, we only considered physical activity reported in 1986 because we wanted to minimize the possibility of reverse causation with aging (ie, if poor underlying health status caused decreased physical activity rather than the opposite). At baseline in 1986, the mean age was 60 years for our study participants, and therefore, midlife was defined as age 60 years for the purposes of this report.
The physical activity questionnaire has been validated in a similar population (the NHS II). 25 In a representative sample of 147 nurses, the physical activity scores based on this questionnaire administered 2 years apart were reasonably correlated, given some true changes in activity across 2 years; the test-retest correlation coefficient (r) was 0.59. The questionnaire estimate of physical activity levels was highly correlated with those reported in 1-week recalls (r=0.79) and those logged in diaries during the year (r=0.62).
ASCERTAINMENT OF CHRONIC DISEASES
A wide variety of major chronic diseases (ie, cancer, diabetes, coronary heart disease, stroke, Parkinson disease, and multiple sclerosis) were reported by participants in 1976 and in biennial follow-up questionnaires. The self-reports were confirmed by study physicians through a variety of methods, such as medical record review, pathology report review, telephone interview, or supplementary questionnaire inquiries. The selfreport of incidence of chronic diseases among these nurses has been previously demonstrated to be highly valid. 26 31 which is modeled on the Mini-Mental State Examination. 32 Scores on the TICS have a range of 0 (worst) to 41 (perfect), with a score lower than 31 indicating cognitive impairment. 31 The high test-retest reliability and validity of TICS compared with in-person cognitive testing have been demonstrated previously. 32 Trained study nurses who were unaware of the study hypothesis and exposure status of the participants administered the TICS with high inter-interviewer reliability. 31 Owing to the availability of cognitive data from this group, the present analysis was conducted among these participants.
DEFINITION AND ASCERTAINMENT OF SUCCESSFUL AGING
To evaluate the overall health status of the study participants, we used the concept of successful aging first outlined by Rowe and Kahn, 23 which takes into account both comorbidities and disabilities. The working definition of successful aging has been introduced in detail elsewhere. 33 Briefly, our definition of successful aging addressed 4 domains: (1) no history of cancer (except nonmelanoma skin cancer), diabetes, myocardial infarction, coronary artery bypass graft surgery (CABG), congestive heart failure, stroke, kidney failure, chronic obstructive pulmonary disease, Parkinson disease, multiple sclerosis, or amyotrophic lateral sclerosis; (2) no impairment in cognitive function (TICS score Ն31); (3) no physical disabilities (no limitations on moderate activities and no more than moderate limitations on more demanding physical performance measures); and (4) no mental health limitations (mental health score Ͼ84, which is the median score in our study population). Any participant who survived to at least age 70 years and met all these criteria was defined as a successful survivor; the remaining participants who survived to at least aged 70 years but had a chronic disease history, CABG, cognitive impairment, physical or mental health limitations were defined as usual survivors. Since the cognitive function of most study participants was assessed in the 1999-2000 period (87.5%), we used the year 2000 to define chronic disease status. Similarly, physical and mental health domains were primarily derived from the SF-36 administered in 2000.
We excluded nurses who had a history of any of the relevant chronic diseases or CABG at baseline (n=2361) or who had missing physical activity data at baseline (n=2724). We further excluded those who skipped more than 2 items on the mental health scale at 70 years or older or more than 5 items on the physical function scale in the SF-36 (n=795). After these participants were excluded, data from 13 535 nurses were available for analysis. All participants gave informed consent. The study protocol was approved by the institutional review board of the Brigham and Women's Hospital.
STATISTICAL ANALYSIS
We grouped the study participants into quintiles of total METs. We used logistic regression to assess the odds ratios (ORs) of successful survival vs usual survival associated with each quintile, defining the lowest quintile as the reference level. In multivariate logistic regression models, we adjusted for variables defined in 1986, including age at baseline (in years); education (registered nurse, bachelor's degree, master's degree, or doctorate); marital status (unmarried, married, widow, separated, or divorced); if married, husband's education (less than high school, some high school, high school graduate, college graduate, or graduate school); postmenopausal hormone use (never, past, or current use); smoking status (never, past, current 1-14 cigarettes/d, current 15-24 cigarettes/d, or current Ն25 cigarettes/ d); family history of heart disease, diabetes, or cancer (yes or no); dietary polyunsaturated to saturated fat ratio (in quintiles); intakes of trans fat, alcohol, and cereal fiber (all in quintiles); and intakes of fruits and vegetables and red meat (in tertiles). Since moderate-intensity physical activity such as walking was associated with lower risk of chronic diseases in previous studies by our research group, 8, 10 we further examined walking METs and pace in relation to successful survival in the present study. When examining the associations for walking MET quintiles, we further adjusted for vigorous activity METs to minimize potential confounding by vigorous physical activity. Similarly, when we examined the associations for walking pace, we further controlled for total METs.
Tests of linear trend across increasing MET quintiles were conducted by treating the quintiles as a continuous variable and assigning the median score for each quintile as its value. All P values were 2 sided. Ninety-five percent confidence intervals (95% CIs) were calculated for ORs. Data were analyzed with the Statistical Analysis Systems software package, version 9.1 (SAS Institute Inc, Cary, North Carolina).
SENSITIVITY ANALYSES
We performed 3 secondary sensitivity analyses to examine the robustness of observed associations. First, although we excluded anyone with major chronic diseases at baseline, and imposed an average 14-year lag period between the assessment of activity levels and the assessment of successful survival, it is still possible that long-term physical disabilities at baseline might have biased our analysis. To address this issue, rather than compare women with the least and the most activity, we repeated the analysis only within participants who reported having at least a minimum level of activity, which we defined as walking at least 1 hour per week or performing any vigorous activity at least 20 minutes per week at baseline. Second, to best address the independent effects of walking as exercise, we estimated the ORs associated with walking METs after excluding women who both walked and participated in vigorous activity. Finally, to examine the robustness of our definition of successful aging, we repeated the analysis using an alternative definition that included the same criteria for chronic disease status, but used median score to define the cut points for cognitive, physical, and mental health domains. 33 We conducted this analysis because, while the domains we used for considering successful survival are widely accepted, the specific criteria for defining "successful" within each domain is less established.
RESULTS
PRIMARY ANALYSIS
Of the total of 13 535 participants, 1456 (10.8%) met the criteria for successful survivor. Table 1 summarizes the baseline characteristics of the participants in 1986. As expected, successful survivors were more active than usual survivors. The successful survivors were also leaner and less likely to smoke than usual survivors and had a slightly lower prevalence of hypertension or high cholesterol levels. Independent of the total physical activity levels, increasing walking pace was also strongly associated with a significant increase in odds of successful aging ( Table 3) . Compared with women whose walking pace was easy, women with a moderate walking pace had a 90% increase in the odds of successful aging; women whose walking pace was brisk or very brisk had 2.68-fold increased odds. To help disentangle the effects of the amount walked on the association with walking pace, we stratified the analysis by lower or higher levels of walking METs. Walking pace was similarly associated with increased odds of successful aging for both groups.
Acknowledging the interrelationship between BMI and physical activity, we also examined the joint associations of BMI in 1986 and total physical activity with successful survival (Figure) . The positive associations between physical activity and successful aging persisted within each BMI category (calculated as weight in kilograms divided by height in meters squared). Nonetheless, women who were both lean (BMI, 18.5-22.9) and active (highest tertile of total METs) had the highest odds of successful survival in comparison with women who were overweight (BMI, Ն25) and sedentary (bottom tertile of total METs): the OR was 3.44 (95% CI, 2.74-4.31).
We also considered specific types of vigorous activities. After controlling for moderate-intensity activity METs, we found that several individual vigorous activities were each associated with significantly elevated odds of successful aging. The multivariate ORs (95% CIs) comparing any vs none were 1.66 (1.30-2.14) for jogging, 1.87 (1.33-2.61) for running, 1.34 (1.03-1.74) for playing tennis, and 1.23 (1.09-1.39) for doing aerobics or calisthenics.
SECONDARY ANALYSIS
We observed similar associations for total METs when we restricted our analysis to women who were capable of performing at least low-to moderate-intensity activi- 
COMMENT
In this large study of women, we documented a strong, positive association between midlife leisure-time physical activity and the odds of successful survival or exceptional overall health in later life. This included a positive relation between moderate-intensity activity, such as walking, and odds of maintaining overall health status among aging women.
There is persuasive evidence supporting an inverse association between physical activity and many individual aspects of health, including multiple chronic diseases, cognitive function, physical function, and mental health. [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] 34 However, fewer epidemiologic studies have examined the association of physical activity with overall health status as evaluated by multiple domains among those who have survived to older ages. In addition, existing data are primarily for men, 3, 5, 7 despite the fact that women live, on average, longer than men. Among Cardiovascular Health Study 3 participants and male Harvard college alumni, 7 midlife physical activity was associated with an improved overall health status at older ages. In contrast, among male Japanese Americans, midlife physical activity was not associated with the probability of exceptional overall health at older ages. 5 In the study of Japanese Americans, adjustment of risk factors that can mediate the effects of physical activity on human health, such as plasma glucose and triacylglycerol levels, hypertension, and BMI, is likely one explanation for the null association. Despite this, it is difficult to directly compare our findings with those of these studies because our cohort included only women, for whom physical activity patterns tend be different from those of men. Nonetheless, similar to the Cardiovascular Health Study and the Harvard alumni study, we observed a strong, positive association between physical activity and exceptional survival at age 70 years or older in women. Our observations are also compatible with previous studies that used disability-free survival or self-rated overall health as a surrogate measure of successful survival. 20, 21 In previous studies of successful survival, walking was not distinguished from more vigorous activities. While approximately 85% of Americans do not participate in any regular vigorous physical activities, 44% walk for exercise. 35 Consistent with the literature on walking in relation to chronic diseases and other specific, adverse health Abbreviations: BMI, body mass index (calculated as weight in kilograms divided by height in meters squared); CI, confidence interval; METs, metabolic-equivalent tasks (measured in hours per week; each MET-hour is the caloric need per kilogram of body weight per hour of activity divided by the caloric need per kilogram of weight per hour at rest); NA, not applicable.
a Unless otherwise noted, data are reported as odds ratios (95% confidence intervals). b Estimates of P value for linear trend are based on linear scores derived from the medians of each physical activity category. c Multivariate model was adjusted for age at baseline (in years); education (registered nurse, bachelor's degree, master's degree, or doctorate); marital status (unmarried, married, widow, separated, or divorced); if married, husband's education (less than high school, some high school, high school graduate, college graduate, or graduate school); postmenopausal hormone use (never, past, or current use); smoking status (never, past, current 1-14 cigarettes/d or 15-24 cigarettes/d or Ն25 cigarettes/d); family history of heart disease, diabetes, or cancer (yes or no); dietary polyunsaturated to saturated fat ratio (in quintiles); intakes of trans fat, alcohol, and cereal fiber (all in quintiles); and intakes of fruits and vegetables and red meat (in tertiles). For walking METs, vigorous physical activity METs were further adjusted.
d Further adjusted for BMI category (Ͻ18.5, 18.5-22.9, 23.0-24.9, or Ն25.0), history of hypertension (yes or no), and history of hypercholesterolemia (yes or no).
outcomes, [36] [37] [38] our results suggest that energy expenditure from walking at a moderate to brisk pace could also increase the likelihood of exceptional survival. Given that walking is a sustainable exercise that can often be easily incorporated into people's daily schedules, our observations provide initial support for the consideration of walking in broad public health recommendations.
Importantly, in the present study, being physically active was associated with increased odds of successful survival for both lean and overweight women. This observation was consistent with previous findings by our research group that physical activity was related to a substantial reduction in risk of chronic diseases and premature death among participants with various body weights. 10, 34, 39 Together, our data strongly support the notion that, regardless of body weight, engaging in physical activity may increase the probability of preserving optimal health. Meanwhile, our study also demonstrated that maintaining a healthy body weight and high physical activity levels simultaneously at midlife likely convey the highest odds of successful survival.
The strengths of the current study include a comprehensive measurement of overall health of aging women, large sample size, high follow-up rate, accurate selfreported incidence of chronic diseases, and validated methods to quantify physical and mental disabilities and cognitive function. Further unique aspects of our study are the focus on women (who live longer than men on average and thus merit particular attention in considering risk factors for successful survival) and the examination of walking (one of the more common types of activity among women). An additional strength derives from the multiple analyses conducted to consider possible reverse causation. For example, we excluded anyone with existing chronic diseases at baseline and also imposed an average 14-year lag period between exposure and outcome assessments-to both address reverse causation as well as the biologic likelihood that health and chronic conditions at older ages are influenced by lifestyle factors adopted at younger ages.
Our study also has several limitations. First, the generalizability of the current study may be limited to women who were primarily of European ancestry and largely healthy at midlife. Further research should be conducted in minority populations and populations with various specific health issues in earlier life. In addition, we a Regression models were adjusted for the same sets of covariates as detailed in the footnotes of Table 2 plus total physical activity (METs, hours per week; in quintiles) in multivariate models.
b Unless otherwise noted, data are reported as odds ratios (95% confidence intervals). 
Figure.
Participants' body mass index (BMI) (calculated as weight in kilograms divided by height in meters squared) and physical activity at baseline in relation with the odds of successful survival in the Nurses' Health Study. 22 The odds ratios were adjusted for the model 1 covariates detailed in footnote c of Table 2 . MET indicates metabolic-equivalent tasks, measured in hours per week. Each MET-hour is the caloric need per kilogram of body weight per hour of activity divided by the caloric need per kilogram of weight per hour at rest. considered successful survival as of age 70 years. Whether the observed associations can be generalized to populations at much older ages is unknown.
Second, although our questionnaire to measure physical activity has been validated in a similar population and has shown reasonable accuracy, the self-reported physical activity levels were inevitably subject to measurement error. However, since these data were collected before any of the study outcomes occurred, the measurement errors would most likely be nondifferential and bias true associations to the null.
Third, as in any observational study, residual confounding is also an alternative explanation of our observations. However, the strength and the dose-response gradient of the multivariate associations support a causal relationship between physical activity and successful aging. In addition, the homogeneity of our study population with respect to demographic characteristics and access to health care further reduce possibilities for confounding.
Fourth, we did not assess physical and mental health status at baseline. Therefore, long-term physical impairment or mental limitations might have biased our observations. However, when we restricted our analysis to women with sufficient function to engage in at least low to moderate physical activity levels at baseline, we observed similar associations.
Finally, approximately 16% of eligible women were excluded from the present analysis because of missing physical activity data at baseline. These participants had slightly higher BMIs; worse physical, cognitive, and mental status at older ages; and were less likely to be active at baseline than women who provided data on their physical activity. This combination could lead to bias toward the null.
In summary, the present study provides new evidence that midlife physical activity, including walking, is associated with increased odds of exceptional health among women who are initially healthy at midlife and survive to older ages. Since the American population is aging rapidly 2 and nearly a quarter of Americans do not engage in any leisure-time activity, 40 our findings appear to support federal guidelines regarding physical activity to promote health among older people and further emphasize the potential of activity to enhance overall health and well-being with aging. The notion that physical activity can promote successful survival rather than simply extend the lifespan may provide particularly strong motivation for initiating activity. Role of the Sponsors: The funding sources had no role in the collection, analysis, and interpretation of the data or in the decision to submit the manuscript for publication. Additional Contributions: Frans van der Ouderaa, PhD, provided insightful comments.
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